Abstract Empirical green's function (EGF) analysis has remained little used to image the rupture properties of the giant 26 December 2004 Sumatra earthquake. The 2 November 2002 foreshock (M w 7.2), close to the mainshock epicenter, gives us the opportunity to use its waveforms to empirically simulate the Rayleigh-wave propagation of the Sumatra earthquake. We first show that the exceptional size of the Sumatra earthquake does not prevent use of the EGF technique. Four aftershocks (M w 5.9-6
Introduction
On 26 December 2004, the giant Sumatra earthquake and especially its associated tsunami devastated a large part of Southeast Asia. This exceptional earthquake has stimulated active research in different areas of geophysics, which has lead to a better description of the phenomenon. Although early earthquake source analyses of teleseismic body waves (Yagi, 2004; Yamanaka, 2004; Ji, 2005 ) modeled a rupture length of a few hundred of kilometers, it soon appeared that this value had been strongly underevaluated. The first and simplest clue of a very long rupture came from aftershock locations that delineate a 1300-km-long zone (Fig. 1) . First field observations (Department of Civil Engineering, 2005) and Global Positioning System (GPS) results (Centre for Earth Science Studies [CESS] Seismology Research Group, 2005; Survey of India, 2005) from the Andaman Islands also required that large fault slip took place close to these islands. Then, analyses of high-frequency body waves (Lomax, 2005; Ni et al., 2005) or array analyses (de Groot-Hedlin, 2005; Guilbert et al., 2005; Ishii et al., 2005; Krüger and Ohrnberger, 2005) confirmed that rupture lasted at least 8 min and ruptured most parts of the subduction zone between Sumatra and Myanmar.
At the other extremity of the seismic frequency band, ultralong periods, normal modes recorded by worldwide seismometers have provided complementary information on the event. Analyses by Park et al. (2005) , Stein and Okal (2005) , and Lambotte et al. (2007) have shown that the M w 9 value defined by the Harvard Centroid moment tensor (Harvard Seismology, 2004) has likely been underestimated. Magnitude as large as 9.3 has been proposed by Stein and Okal (2005) . Using splitting of normal modes, Lambotte et al. (2007) have identified both a long duration (ϳ500 sec) and extent (ϳ1220 km) of the earthquake.
Finally, detailed seismological Lay et al., 2005) and geodetical analyses (Vigny et al., 2005) have precisely determined the dimensions and properties of , and of the four reference earthquakes used to examine Rayleigh waves consistency (small thin stars) are shown. These reference earthquakes sample most of the three-day aftershocks zone (white circles, NEIC, 2004) .The thick line delineates the trench curvature of the Sumatra-Andaman subduction zone and defines the geometry of the line source model used in this study. the rupture. In particular, very large GPS displacements all over the Southeast Asia peninsula obtained by Vigny et al. (2005) shows that fault slip occurred in a large part of the subduction zone, between 3Њ N and 12Њ N.
Thanks to this broad range of analyses there is today little doubt on the rupture extent of the Sumatra earthquake. Yet, some other characteristics are still debated, particularly the real duration and magnitude of the event. While much of the data can be explained by a ϳ550-sec-long source (Park et al., 2005) , the hypothesis of a much longer source is still considered. One of the main elements in favor of such an hypothesis comes from the location of the tsunamigenic source by backpropagating the arrival times of the waves in the Bengal Bay . This delineates a 800-km-long zone and does not include the Andaman Islands, where large static displacements have been observed. The slow-slip hypothesis is still questioned because according to Vigny et al. (2005) , no movement is seen at GPS stations in Southeast Asia for timescales longer than 15 min. On the other hand, Banerjee et al. (2005) , by comparing seismological and geodetical slip models, have proposed that there is a 25%-35% moment deficit in the seismic models. The missing displacement would be due to slip occuring at periods longer than 1 hr, not able to efficiently generate neither seismic nor tsunami waves.
Magnitude is also discussed because very long period waves are required to adequately estimate the moment of such a large event. Thus, values estimated from body or short-period surface waves (Ͻ300 sec) likely underestimate the global moment. Normal modes, with periods of several thousands of seconds, have a higher potential to estimate moment magnitude (Park et al., 2005; Stein and Okal, 2005; Lambotte et al., 2007) . Unfortunately, the measure is very sensitive on the earthquake dip, and dip values of 15Њ or 8Њ would respectively lead to moment magnitudes equal to 9.1 or 9.3. Finally, geodesy has measured displacements consistent with magnitudes bigger than 9, but the conversion to seismic moment is not direct because of trade-off with dip angle and rigidity structure (Banerjee et al., 2005) .
As another way to analyse this major event, I propose to use a smaller earthquake (M w 7.2) to image the mainshock rupture, using the EGF approach. I will show that such an analysis can be adapted to this very long earthquake. First Rayleigh waves of four M w ϳ6 aftershocks distributed along the Sumatra-Andaman trench will be shown to be consistent in the period band 100-200 sec. To examine the consistency at lower frequency, we will use two earthquakes of the Mexican subduction zone (M w 7.2-7.3) and show waveforms similarity for periods between 100 and 2000 sec. Then a specific study on the optimal magnitude of the Sumatra earthquake is done before describing the rupture process of this unique event.
Empirical Green's Function (EGF) Approach
Generalities and Location Errors
The idea of the EGF method, already present in the late 1960s (Aki, 1967) and later applied to seismic source analysis (Hartzell, 1978) , uses the fact that earthquake source process is similar regardless of the magnitude. Therefore a small earthquake (called EGF) can be used to model a big one, provided both events are similar in terms of mechanism and location. This approach has been subsequently used and S105 developed by Mueller (1985) , Fukuyama and Irikura (1986) , Mori and Frankel (1990) , Ammon et al. (1993) , Velasco et al. (1994) , Ihmlé (1996) , Courboulex et al. (1996) , Bertero et al. (1997), and Vallée (2004) . It has been shown that the EGF optimal magnitude is about 1-2 units smaller than the mainshock, in order to keep a good signal-to-noise ratio at low frequency. In the active Sumatra subduction zone, the best candidate is a M w 7.2 earthquake that occurred in November 2002 (Fig. 1) .
In a schematic way, seismic waves recorded at a distant seismic station contain two linear contributions: one coming from the earthquake's apparent moment rate and the other coming from Earth propagation. The Earth propagation complexity is present in a similar manner for both the EGF and the mainshock. Thus it is possible by a deconvolution to extract the apparent moment rate function (also called relative source time function [RSTF] ) of the mainshock. Technically, the same wavetypes, at the same seismic stations, have to be studied for both earthquakes. In this case of a very large earthquake, surface waves constitute the best choice, because (1) they are sensitive to long periods and (2) they do not suffer from the wave mixing of body waves. In fact, for such a long-duration earthquake, individual body waves (P, PP, S, SS) are not separated and thus cannot be directly used (e.g., Ni et al., 2005) .
Of course, errors come from the fact that the propagation model given by the EGF is not perfect. For the Sumatra earthquake, with extent bigger than 1000 km, the most obvious error origin is the source location difference, in the later part of the rupture, between mainshock and EGF. Variations of trench azimuth and of age of the subducted lithosphere between north Sumatra and Andaman Islands may also lead to a significant modification of the Green's function. To examine quantitatively these potential problems, we can look at waveforms generated by similar but distant earthquakes. Unfortunately, it is not possible to directly compare our selected EGF (M w 7.2) with other earthquakes in the Sumatra subduction zone. Indeed, except in the coda of the mainshock, no large thrust earthquake (M w Ͼ6.4) occurred in the Nicobar-Andaman region. Thus we propose two analyses to provide insights on the waveforms similarity as a function of the interdistance between events. First we compare moderate magnitude (M w 5.9-6.1) aftershocks of the Sumatra event. In this magnitude range, four thrust earthquakes, distributed from south to north along the SumatraAndaman trench have been selected: the M w 5. give meaningful elements on the validity of our EGF hypothesis.
We used data from worldwide FDSN broadband stations at epicentral distances between 55Њ and 125Њ. We have avoided closer stations, where the effect of earthquakes centroid difference is larger, as well as further stations, where R2 Rayleigh waves arrive soon after the end of R1 Rayleigh wave train. Figure 2 shows vertical seismograms for the four aftershocks, recorded at 12 stations with various azimuths. The thicker lines correspond to the earthquakes closer to the selected EGF. Six of the 10 stations later used in our study (namely FFC, PET, TAU, LSZ, PAB, ARU) are present in this analysis. The other ones, mainly located on oceanic islands (KIP, KWAJ, CRZF), cannot be compared because of low signal-to-noise ratio due to the relatively small aftershocks magnitude. Data has been windowed in the R1 Rayleighwaves window, and seismograms initial time is based on the same phase velocity, corresponding to the arrival of Rayleigh waves at each station. Data has been bandpassed between 100 and 200 sec, because shorter periods are logically different due to the centroid difference and longer periods are not excited enough for these M w 6.0 earthquakes. Figure 2 shows that Rayleigh waves of the 5 January 2005 and of the 31 January 2006 earthquake (thickest lines) remain similar at most stations. This illustrates that in the analyzed frequency band (100-200 sec), the distance between events (360 km), the strike variation (ϳ30Њ), the depth difference (ϳ10 km), and the nature change of the subducted lithosphere only have a small influence on the shape of the Green's function. Even if it logically decreases, the Rayleigh waves consistency remains for the two other earthquakes (4 January 2005 and 3 February 2006), respectively located 970 km and 1100 km from the 31 January 2006 earthquake. Among the selected stations for the following analysis, correlation is good at FFC, PET, TAU, and LSZ and somewhat lower at ARU and PAB where amplitude of Rayleigh waves varies between earthquakes. This analysis shows that even in a very long and complex subduction zone, the EGF analysis is meaningful if we limit the study to long periods.
To examine more specifically the limitation at long periods, we need to refer to earthquakes of similar magnitude as our selected EGF (M w 7.2). As explained before, a pair of such earthquakes does not exist in the Sumatra-Andaman subduction zone. Looking at other regions, we have found that Mexican subduction generated, in 1993 and 1995, two earthquakes suitable for this waveform comparison. On 10 September 1993, a M w 7.2 earthquake occurred in the Chiapas region and on 14 September 1995, a M w 7.3 earthquake occurred in the Guerrero region (Fig. 3) . Both events have similar mechanisms and a centroid location difference of about 650 km (Harvard Seismology, 2004) . Following the same analysis as for Sumatra aftershocks, we present in Figure 4 vertical Rayleigh waves generated by the two earthquakes at 16 stations of the global network. In this case, thanks to the better signal-to-noise ratio, waveforms remain nearly identical in the whole period band 100-2000 sec. These examples show, by a direct use of seismic data, that it is justified to use only one EGF to model Earth propagation, even for a very long and complex rupture zone. We have shown that periods longer that 100 sec remain reliable for most part of Sumatra earthquake rupture zone. At the other extremity of the frequency band, the analysis of M w 7.2 earthquakes reveals that periods as long as 2000 sec are above the noise level. Subsequent analysis will therefore be done in the broad period range between 100 and 2000 sec.
Description of Deconvolution Method
Even if it has been illustrated that the entire rupture extent can be taken into account by only one EGF, it remains useful to use stabilization techniques to obtain the most reliable information about the source process. In particular, methods including corrections for mechanism difference and EGF duration (Ihmlé, 1996; Ihmlé and Ruegg, 1997) or positivity and temporal constraints on the RSTFs (Bertero et al., 1997; Courboulex et al., 1996) have been developed. I have shown for the very large 23 June 2001 Peru earthquake (M w 8.4) that global rupture characteristics can be efficiently retrieved, provided some physical constraints on the RSTFs are respected (Vallée, 2004) . Namely, positivity, causality, finite duration, and equal moment ratio constraints are shown to be very efficient to extract reliable moment rates. The equal moment ratio constraint simply states that the area of the RSTF has to be the same at all stations because it represents the moment ratio between the mainshock and the EGF. Details about the technique itself are not recalled here and can be found in Vallée (2004) and Vallée and Bouchon (2004) .
As an illustration for the Sumatra earthquake case, Fig ure 5 shows the analysis process for broadband station TAU (Tasmania) of the global network. Both EGF and mainshock Rayleigh waves have been prefiltered between 100 and 2000 sec to take into account the limitations underlined in the previous part. Magnitude of the Sumatra mainshock and EGF are respectively taken equal to 9.1 and 7.2 (Harvard CMT value), yielding a moment ratio of 620. Figure 5a first determines the optimal RSTF duration. To do so, we present the misfit between the real mainshocks and the reconstituted mainshock obtained by reconvolution of the RSTF with the EGF, as a function of the allowed duration of the RSTF. This misfit is a good indicator of the quality of the obtained deconvolution. The time at which the function becomes flat (ellipse) gives the simplest (i.e., shortest) RSTF able to well describe the seismic source. Figure 5b shows the RSTF corresponding to this optimal duration, and finally, Figure 5c presents a comparison between the real mainshock and the reconstituted mainshock for the preferred RSTF. At TAU station (azimuth 141Њ), the optimal RSTF duration is 840 sec long (Fig. 5a) , which traduces the antidirective station position with respect to Sumatra earthquake propagation. The corresponding RSTF (Fig. 5b) , which is able to reproduce very well the mainshock waveforms (Fig. 5c ), gives interesting information on the temporal and spatial moment release of the event. This information is used later in the definition of the earthquake rupture process.
Application to the Determination of Sumatra Earthquake Seismic Moment
Before going into the details of the rupture process, we can use the deconvolution method in another way to refine the seismic moment of the mainshock. In fact, rather than considering the moment ratio as a constraint, we can do an optimization of this parameter by searching which moment ratio leads to the best RSTFs (by best RSTFs, we mean as before the shortest RSTFs for which the convolution with the EGF will be the closest from the mainshock waveforms). This offers a new way to define the seismic moment of this unique earthquake.
Therefore, we consider five values of the Sumatra earthquake moment magnitude (8.9, 9.0, 9.1, 9.2, 9.3), ranging over the possible magnitude values. The EGF magnitude is fixed to the 7.2 Harvard CMT value (moment of 9 ‫ן‬ 10 19 N m), because Harvard CMT technique based on long-period body and mantle waves is very reliable for this type of magnitude. For each of possible mainshock magnitude, we use the deconvolution technique described in the previous section. Figure 6 presents, at the two stations COR and KONO, the equivalent of Figure 5a for station TAU. But rather than representing only the misfit for a mainshock magnitude equal to 9.1, we show the five curves corresponding to the five hypotheses for Sumatra seismic moment. For station COR, all moment hypotheses lead to a similar quality RSTF if the allowed duration is very long. Yet the best misfit level is reached for duration of about 400 sec for magnitudes equal to 8.9, 9.0., and 9.1 whereas a duration longer than 600 sec is required to obtain a good RSTF for magnitudes 9.2 and 9.3. We thus consider that magnitudes equal to 9.2 or 9.3 are not optimal because they can give a good RSTF only if very long periods, little excited by surface waves, are added to the RSTF. For station KONO, the conclusion is even more direct: magnitudes equal to 8.9 or 9.0 are not able to yield a satisfactory RSTF whatever the duration. Figure 7 shows the results of a similar analysis for 18 stations of worldwide networks (IU, II, Geoscope, TGRS). Based on the criteria described for stations COR and KONO, the horizontal line represents, at each station, the possible values for earthquake magnitude. The observation of this figure reveals that a seismic moment magnitude equal to 9.1 (moment of 5.6 ‫ן‬ 10 22 N m) is the optimal value of the giant Sumatra earthquake, as seen by broadband Rayleigh waves (100-2000 sec).
Imaging of Rupture Properties
Using the M w 9.1 value determined in the previous section, the stabilized deconvolution technique is used to retrieve RSTFs at stations of the global networks. Based on well-distributed azimuthal coverage, 10 RSTFs are selected and presented in Figure 8 . Some striking features may immediately be commented on: the RSTFs durations vary from 300 sec in Europe (PAB and ARU) up to 900 sec in Antarctica (SBA). Such a behavior is expected because the earthquake propagation from southeast to northwest leads to an energy concentration in the northwest direction.
To estimate more quantatively the rupture process of Sumatra earthquake, a one-dimensional model of the earthquake is considered, in which seismic moment is released along the trench. This line-source model, where trench curvature has been taken into account, is shown in Figure 1 . Assuming such geometry, the RSTF F h observed in an azimuth h can be written as the integral along the fault of length L:
where f, the local source time function (i.e., defining the moment rate of a point located at distance x from hypocenter) is parametrized by moment per unit length m and moment per unit length duration d. Temporal contributions due to propagation time T r (related to rupture velocity V r ) and spatial shift between source and station (D function) have to be taken into account. D is dependent on station azimuth h, fault azimuth h f , and phase velocity V u ; it can be simply evaluated knowing that D is simply equal to (x cos(h-h f )/V u ) for a constant azimuth segment fault. Rayleigh-wave phase velocity V is averaged to 3.7 km/sec by observation of the arrival time of the EGF most energetic Rayleigh waves. Equation (1) gives us a useful relation between the observation F h and source parameters m, V r , and d; d takes into account time between slip initiation and slip termination at a point of the fault as well as time to propagate along the half-width of the fault. With slip in the range 5-20 m, slip velocity around 1 m/sec (Heaton, 1990) , fault width of the order of 100-200 km, and rupture velocity of 2-3 km/sec, typical values for d are of the order of 25-60 sec.
Thus we keep as unknowns of equation (1) the moment per unit length m and the rupture velocity V r on the fault. To retrieve these parameters, the 1500-km-long fault is discretized in 100-km-long segments. Slip is constrained to be zero at the last point of the fault, and local rupture velocity can vary between 1.4 and 3.3 km/sec. To define the 30 parameters of this optimization problem, residuals between observed RSTFs and RSTFs calculated with equation (1) have to be minimized. A small smoothing constraint is introduced Figure 5 . Illustration of the deconvolution technique for Rayleigh waves at station TAU (Tasmania). Deconvolution is done with four constraints (causality, positivity, finite duration, and moment ratio fixed to 620). First we impose a very short duration of the RSTF, which logically leads to a bad reconstruction of the mainshock waveforms by reconvolution with the EGF. The error associated with this reconstruction is our definition of the misfit used in (a). Then we allow a longer and longer duration that decreases the misfit in (a). When we reach an allowed duration of 840 sec the misfit is low (ϳ6%) and cannot be improved further by a longer allowed duration. Therefore we select the 840-sec-long RSTF, presented in (b) , as the most likely RSTF. The convolution of this RSTF with the EGF yields the thin line in (c), whereas the thick line is the real mainshock waveform.
for rupture velocity to reduce the instability of this parameter at fault points where seismic moment is low.
Before inversion, observed RSTFs have been smoothed to (1) reduce the effect of unreliable frequencies and (2) take into account the spatial sampling of the fault (s f ‫ס‬ 100 km), which prevents modeling high frequencies. Because of rupture propagation toward the north, smoothing has to be dependent on the azimuth, and its value is estimated by the following equation:1
where V r and , average values of rupture velocity and fault h f azimuth, respectively, are here approximated to 2.25 km/sec and 342Њ. Using equation (2), smoothing values range from 26 sec for h ‫ס‬ 337Њ (ARU, directive station) to 134 sec for h ‫ס‬ 168Њ (SBA, antidirective station). The observed smoothed RSTFs are presented in Figure 9 (thick lines).
The inverse problem is then solved with the neighborhood algorithm (NA) (Sambridge, 1999) . To estimate model uncertainties, we repeat the use of NA with different parameters, including variation of d in the range 25-60 sec and modification of rupture velocity smoothing constraint. Based on 12 NA runs, the averages and standard errors of moment per unit length and rupture velocity are presented in Figure  10 . In Figure 9 , synthetics corresponding to this average model are presented and compared with the observed RSTFs. It can be seen that the apparent duration and main features of each RSTF are well explained by the synthetic model. Moment per unit length and rupture velocity are not very well resolved close to hypocenter due to the line source approximation and the large influence of parameter d in the The line thicknesses refer to magnitude hypotheses, between 8.9 and 9.3. In both sub figures, the evolution of the misfit as a function of the RSTF allowed duration is presented (see Fig. 5a ) for more details). At COR, the optimal RSTF duration is about 400 sec (arrow). Magnitudes 9.2 and 9.3 are able to produce a good RSTF, but only if a longer duration, including very low frequencies little excited by Rayleigh waves, is permitted. At KONO station, magnitudes 8.9 and 9.0 produce an agreement with data significantly less good than larger magnitudes. This illustrates that magnitude 9.1 is the most plausible magnitude of Sumatra earthquake. This is confirmed with a larger number of stations in Figure 7. early part of the rupture. Elsewhere, models are very consistent from one inversion run to the other. Moment per unit length is found even more stable than rupture velocity. Standard errors of rupture velocity become logically large for distances longer 1200 km, where moment release is very low.
Moment per unit length can be converted to slip if rigidity and fault width are known. Taking a fault width equal to 150 km (Bilham et al., 2005) and a classical rigidity equal to 3 ‫ן‬ 10 10 N m ‫2מ‬ , we present in Figure 11 the fault-slip distribution in the Sumatra-Andaman subduction zone. Slip reached values of the order of 20 m 200 km northwest of hypocenter. A secondary slip maximum of about 10 m occurred at Nicobar Islands, and slip remains large (Ͼ5 m) up to the South Andaman Islands. Rupture velocity is slow at the beginning (ϳ1.8 km/sec) but this can also be due to our line source approximation that can be wrong in the early part (two-dimensional rupture propagation effects). Then, rupture accelerates to values of 2.4-2.5 km/sec for the next 500 km, before decelerating to 2 km/sec in the second half of the rupture process. Average rupture velocity is equal to 2.2 km/sec ‫)1.0ע(‬ and global duration to 580s ‫02ע(‬ sec). The main characteristics of the Sumatra earthquake are shown in the map presented in Figure 11 .
Conclusions and Discussion
From a methodological point of view, this study has confirmed the very broad range of application of the EGF technique. This method has been used until now on very different earthquake scales, from M w ϳ2 earthquakes (e.g., Fischer, 2005) to M w ϳ8 earthquakes (e.g., Courboulex et al., 1997) . It is shown here that this approach is also very helpful to deal with M w Ͼ9 earthquakes. The limitations due to the extent of the rupture zone or to changes in fault orientation exist but can be taken into account by an appropriate filtering of the data. This assertion, which is intuitive in terms of seismic wavelengths, has been supported by the direct observation of seismic data in the Sumatra and Mexican subduction zones. An adaptation of the EGF technique is also proposed to search the optimal moment ratio between the mainshock and the EGF. In the Sumatra case, where the EGF moment is well known, such an approach has provided a simple and independent way to estimate the Sumatra mainshock moment. In other contexts, for example, if one wants to determine the magnitude of small events, the technique can also be used in the opposite direction: given the optimal moment ratio and the magnitude of the mainshock, the magnitude of a small EGF can be estimated.
The giant Sumatra earthquake, as imaged by very broadband Rayleigh waves (100-2000 sec), has a seismic moment equal to 5.6 ‫ן‬ 10 22 N m (M w 9.1). The earthquake dynamically ruptured a 1100-to 1200-km long segment of the Sumatra-Andaman trench, and this process lasted about 580 sec ‫02ע(‬ s). This value is far beyond any earthquake rupture duration defined until now. For example, duration of the M w 9.2 1964 Alaska earthquake has been estimated to 240 sec (Alaska Earthquake Information Center, 2005) . Using the EGF analysis, the first 200 sec of the rupture are found to be very energetic, with a maximum slip of 20 m occurring 200 km away from the hypocenter, close to the bend of the trench (Ji, 2005) . A secondary maximum is identified close to Nicobar Islands, with slip of about 10 m, and seismic rupture has kept propagating toward north up to the South Andaman Islands. This behavior is similar to the one derived from seismological data Lay et al., 2005) , GPS data (Chlieh et al., 2007) , or tsumami data (Piatanesi and Lorito, 2007) . Rupture velocity is everywhereexcept at hypocenter-of the order of, or larger than, 2 km/ sec, even if slower velocities have been allowed in the inversion. The average value is found equal to 2.2 km/sec, in agreement with most studies, which have defined this parameter between 2 and 2.5 km/sec de Groot-Hedlin, 2005; Guilbert et al., 2005; Lomax, 2005) . More precisely, rupture velocity has reached a value of ϳ2.5 km/sec in the segment between Sumatra and Nicobar Islands, before slowing down to ϳ2 km/sec in the late part of the rupture.
The moment of 5.6 ‫ן‬ 10 22 N m defined by Rayleigh waves is close to the value found by much longer period data. For example, Park et al. (2005) by normal mode study, or Banerjee et al. (2005) with geodetical data and a realistic dip of the trench, have retrieved a value of 6-6.5 ‫ן‬ 10 22 N m. This means that if slow slip exists, it is of the order of 10%-20% of the global moment released by the earthquake. This low value can also explain why Vigny et al. (2005) have not detected some slow process in their GPS data. Our study find large slip (10 m) in the Nicobar region, which is approximately the value required by subsidence observation (Bilham et al., 2005) . Thus, a longer timescale slip is not required in this part of the fault. Andaman Islands region is a different case. Except in the southern part, the modeled moment release is very low, whereas there has been some evidence of fault activity: aftershock sequence is dense up to 14Њ N, subsidence has been observed in the western shorelines of Andaman Islands (Bilham et al., 2005) , and GPS analysis seems to require significant slip in this zone. For compatibily of these observations we propose here that the slow-slip process, if present, has to be confined in the extreme north of the rupture zone, between 12Њ and 14Њ N.
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